Visual search for targets among distractors is more efficient if attention can be guided to targets by attributes like color. In real-world search, we guide attention using information about surfaces (e.g., paintings are on walls). We compare ''classic" color guidance to surface guidance in ''scenes" of cubes. When a target can lie on one of many surfaces, color guidance is effective but surface guidance is not (Experiments 1-3). Surface guidance works when cued surfaces are coplanar (Experiment 4) or few in number (Experiment 5). We speculate that surface guidance is slow and limited to very few surfaces at one time.
Introduction
Most of the time, when humans are looking for a visual target in a scene, they do not search randomly, but use knowledge about the target to guide search (Egeth, Virzi, & Garbart, 1984; Williams, 1966; Wolfe, Cave, & Franzel, 1989 ) though there are a few ''needle in the haystack" searches in which random search is all that is possible. The bulk of research on the guidance of visual search has involved guidance by features of the targets and distractors: their colors, sizes, 3D structures and so forth (Duncan & Humphreys, 1989; Treisman & Gelade, 1980 ) (for reviews see Wolfe, 1998; Wolfe & Reynolds, 2008) . Much less work has been devoted to guidance by the spatial layout of scenes. Objects are not scattered randomly in the real-world, but are constrained by physics and custom. For example, people are placed on surfaces that will support them. Therefore, observers looking for those people, use that information to constrain eye movement (Hidalgo-Sotelo, Oliva, & Torralba, 2005) and computers, trained to do a similar task, develop similar constraints (Torralba, Oliva, Castelhano, & Henderson, 2006) . Similarly, toasters and fire hydrants occupy horizontal surfaces, paintings occupy walls, and so forth. Human search performance reflects knowledge of these prior probabilities (Biederman, Mezzanotte, & Rabinowitz, 1982; Eckstein, Drescher, & Shimozaki, 2006) though the presence of consistent scene information does not necessarily improve object perception (Hollingworth & Henderson, 1998) .
Real-world scenes are complex and endlessly diverse. As in other areas of research, we can try to make progress by using artificial stimuli. This loss of realism trades off with an increase in experimental control. The work on contextual cuing (Chun & Jiang, 1998) can be seen in this light. In a typical contextual cuing experiment, observers search for a target letter in a field of distracting letters. Unbeknownst to the observer, some target positions are associated with a repeated, consistent pattern of distractors. Those distractors form a highly artificial ''scene" and the observer implicitly learns the association between this scene and the target position. Mean reaction times (RTs) become faster for targets present in repeated target-distractor configurations.
What aspect of search in real-world scenes is addressed in contextual cuing experiments? The original proposal was that contextual cuing was a form of guidance by the spatial layout of the scene. Contextual cuing was held to be an artificial analog of, for example, walking into your kitchen and using your knowledge of the spatial layout of that kitchen in order to locate the toaster. There is some debate about this interpretation because the hallmark of guidance is not that search should simply become faster but that the search efficiency should increase (typically indexed by a decrease in the slope of RT Â set size functions). Consider simple guidance by color. If you are looking for a black letter among other black letters and if those letters are large enough to avoid acuity limits, then the slope will be about 30-40 ms/item for target-present trials (Kwak, Dagenbach, & Egeth, 1991; Wolfe, Klempen, & Dahlen, 2000) . However, if you are looking for a red letter and only half of the distractor items are also red, that slope will be cut in half (Egeth et al., 1984 ) because attention will be guided to red items and/or away from items that are not red (Wolfe et al., 1989) . Thus, if the context guides attention toward the target location in contextual cuing, mean RTs as well as slopes should be reduced when the context repeats compared to when it does not. In a long series of experiments, we failed to find such reduction in slope (Kunar, Flusberg, Horowitz, & Wolfe, 2007) . We replicated the mean RT effect without difficulty, confirming that contextual cuing is a robust phenomenon. If the failure to find an increase in search efficiency is a reliable negative result, then context would not merit the status of a guiding attribute in search. This is a little puzzling. We know that guidance by scene properties must exist. After all, you do not search at random for that toaster either in your kitchen or in a generic kitchen. Accordingly, in the present experiments, we adopted a different approach to investigating guidance by scene properties. We used ''block world" scenes like the one shown in Fig. 1 .
Scenes of this sort are much easier to control than real scenes though, of course, at the cost of being less realistic. Using this ''block world", we can ask observers to search for a T among Ls and we can compare ''classic" guidance by color to guidance by scene properties. In this case, these properties were limited to surface orientation (left, right, and top). To anticipate our results, guidance by surface properties is possible but it is rather limited and it operates under rules different from those governing guidance by a classic feature like color.
2. Experiment 1: comparing guidance by surface orientation to guidance by color 2.1. Methods
Participants
Twelve observers took part in this experiment (4 males and 8 females). Their average age was 33.78 years (SD = 12.22, . All observers had at least 20/25 visual acuity, with correction and could pass the Ishihara color screen. All gave informed consent and were paid for their time.
Stimuli and procedure
In Experiment 1, observers viewed the continuously visible block pile scene. They searched for the letter ''T" among Ls. While the cubes (20 in total) remained unchanged new letters appeared on each trial. All cube edges were 2.3°of visual angle in length at 57 cm viewing distance. The entire pile was 19°tall and 27.6°wide. Cubes were colored approximately as shown (in the color version of the figures). Luminance of squares was adjusted so that the top surface was not consistently the brightest on each cube nor was the right surface the dimmest. This avoids confounding guidance by luminance with guidance by surface orientation.
Letters were randomly placed on the different surfaces of the cubes. Set sizes of 6, 12, 24, and 36 letters were used. Letters were composed of segments 1.3°long and .4°wide and could be red, yellow, or cyan. There were five conditions: no cue, color cue -blocked, color cue -mixed, surface cue -blocked, surface cue -mixed. Each consisted of 50 practice and 300 experimental trials. In the baseline, ''no cue" condition, observers searched for a T among Ls with no further information about the target. In the color cue conditions, a color word (''red", ''blue", or ''yellow") was presented for 200 ms prior to the appearance of the letters. Color could remain constant over a block of trials (''color cue -blocked" condition) or it could vary randomly from trial to trial (''color cue -mixed" condition). In the surface cue conditions, a surface orientation word (''top", ''left", or ''right") was presented prior to the appearance of the letters. Here, too, there was a blocked (''surface cue -blocked" condition) and a mixed condition (''surface cue -mixed" condition). All cues were 100% valid.
Letters were visible until observers made a speeded target-present/absent response. Feedback was provided after each trial.
Results
Three observers (1 male and 2 female) were excluded from the analysis because their miss error rates exceed 20% in one or more conditions. RTs over 6000 and below 200 ms were excluded from the analysis leading to the removal of one other observer because she had more than 20% of her data removed from some cells. For the remaining eight observers, the RT filter removed 1.2% of trials.
Mean RTs for the eight remaining observers are shown in Fig. 2 . It is worth noting that the pattern of results is qualitatively the same with all 12 observers included.
It is clear that the surface and color cues produce very different results. Color guidance follows the usual pattern. Since one third of the items are of the target color, perfect guidance would predict a reduction of the slope by a factor three. In fact, guidance is not quite perfect but the slopes drop markedly (all paired-t(7) > 5.0, all p < .002). In contrast, the slopes for the surface conditions do not differ from the no cue condition (all t(7) < 2.35, all p > .05). Primarily, repeated measures ANOVAs with Cue Type (color, surface), Mixed vs. Blocked, and Set Size as factors were performed separately for target-present and target-absent trials. The main effect of cue type shows that the results for surface cues are different from the results for color cues for target-present trials (F(1, 7) = 58.2, p < .001, g 2 = .893) and target-absent trials (F(1, 7) = 52.6, p < .001, g 2 = .883). The main effect of the mixed vs. blocked factor was significant for target-present (F(1, 7) = 11.2, p < .05, g 2 = .616), but not for target-absent (F(1, 7) = 2.6, p = .150, g 2 = .272). Of course, the main effects of set size are highly significant.
Errors follow the pattern of RTs as shown in Table 1 . False alarm errors are very rare (1% or less in all cells). Since some observers had the intuition that top surfaces might be different than side surfaces, we reanalyzed the data for the mixed conditions (see Fig. 3 ; for target-present trials). It is clear that no surface type (left, right, and top) is privileged in this experiment. Data from the blocked conditions are similar but, since each observer only searched for one color and one surface type in these conditions, comparisons are less meaningful.
In many experiments in which targets and/or cues change from trial to trial, priming effects are observed. Typically, repeated tar- Fig. 1 . A highly artificial scene in which observers search for a T among Ls. This search could be guided by providing information about color (''The T is Yellow") or surface orientation (''The T is on a left-facing surface"). In the absence of such information, the search would be unguided.
gets or cues produce faster RTs than unrepeated (Hillstrom, 2000; Kristjansson, 2006; Maljkovic & Nakayama, 1994; Wolfe, Butcher, Lee, & Hyle, 2003) . Though our experiment was not designed as a priming study, we tested whether RTs were faster when the same surface cue or the same color cue was repeated or when the target surface was repeated (i.e., one could have two, successive targets on top surfaces cued by two different color terms. However, although in all cases RTs in repeated conditions were modestly faster than in unrepeated, in no case did the comparisons achieve statistical significance. One suspects that an experiment, designed to find priming with these stimuli, would do so.
Discussion
Guidance by surface orientation failed in this experiment. This does not mean that such guidance does not exist. At the art museum, when you look for paintings on the wall and not on the floor, you are guided by surface orientation. In this experiment, with these stimuli, however, cuing a surface orientation does not guide while cuing a color does. We hypothesize that there are two differences between classic feature guidance and guidance to a scene property like surface orientation. First, we suspect that, while it is possible to guide to all of the red items at once, guidance to surfaces may be limited to one or only to a very few surfaces at a time. Second, we suspect that guidance by scene properties may be significantly slower than classic guidance by features.
Before this argument can gain credibility, however, other explanations for the failure of guidance in the surface conditions of Experiment 1 must be considered. There are two differences between color and surface guidance conditions in this experiment that could support less theoretically interesting explanations for the results:
(1) Returning to Fig. 1 , cuing ''red" points to four red letters while cuing ''top" arguably cues the tops of 20 cubes. (2) Cuing ''red" cues a property of the target item (the red T) while cuing ''top" cues a property of the surface holding the target, not the target itself (the T on a top surface).
The next experiments (Experiments 2 and 3) address these issues.
Experiment 2: adding placeholder

Methods
Experiment 2 is a near-replication of Experiment 1. The only substantive change is the addition of placeholders between the cue and the search array in order to show the observer where the letters would appear and in what color. Fig. 4 shows a placeholder array. So, for example, if the cue was ''top", the placeholders would make it clear that only seven possible top surfaces could contain a letter. Given a long ISI between the cue and the search array, observers had time to prepare to restrict search to the cued surface or color. This should provide a control to equate the number of locations with letters of a target color to locations with a letter on the correct surface.
Methods were the same as in Experiment 1 except that the duration of the cue was extended to 600 ms and a 1000 ms ISI was interposed between cue and search array during which the placeholders were visible.
Participants
Twelve observers (4 female, 8 male; age range: 19-53, M = 33.8, SD = 11.5) meeting the same requirements as in Experiment 1 were tested. 
Results
Two male observers were excluded for excess errors (over 30% in some cells). Again the pattern of results was similar with and without the excluded observers. Filtering out RTs over 6000 ms removed 0.7% of the trials of the remaining 10 observers. Fig. 5 shows the average RTs for those 10 observers.
The results of Experiment 2 are a very close match to those of Experiment 1. The addition of placeholders made no important difference. There is strong guidance for color cues and no significant guidance for surface cues. The pattern of errors and the details of the statistical analysis are essentially identical to those of Experiment 1. Color cues differ markedly from no cue conditions (repeated measurement ANOVAs separately for target-present and target-absent trials as well as for blocked and mixed trials; all F(1, 9) > 39, p < .001, g 2 > .49). Surface cues do not produce a significant difference from no cue conditions (repeated measurement ANOVAs separately for target-present and target-absent trials as well as for blocked and mixed trials; all F(1, 9) < 4.0, p > .07, g 2 < .31). Paired t-tests on slopes reveal that color cue slopes are shallower than no cue slopes (all t(9) > 3.2, p < .01) and shallower than surface cue slopes (all t(9) > 3.7, p < .01). Surface cue slopes do not differ from no cue slopes (t(9) < 2, p > .1) except for the comparison of target-absent, mixed conditions (t(9) = 2.54, p < .05). As in Experiment 1, there were no significant effects of side; i.e., no advantage to search for a target on a top surface.
Discussion
It is striking that the addition of placeholders for a full second did not improve performance with surface cues. If observers could have restricted attention to the items on the correct surfaces and even selected those items one after the other, the slope would still have been reduced relative to the no cue condition. Apparently, observers did little or no restriction of attention. We posit that selection of surfaces is slow enough that it is faster to search at random in this task than to take the time only to attend to a particular surface. Perhaps, in that search for a toaster in the kitchen, guidance to surfaces can occur because the time course is longer and the ratio of relevant to irrelevant surfaces more favorable. Again, we do not wish to argue against guidance by scene properties. We only argue that this guidance is qualitatively different from classic feature guidance.
Experiment 3: guidance to a colored surface
As noted earlier, another possible problem with this experimental design is that color cues prompt attention to a feature of the target item while surface cues indicate only the surface that holds the target item. Note that this difference between the types of guidance is reflected in the way in which we tend to talk about realworld search tasks. One would be more likely to specify search for the red mug on the desk than for the mug on the red desk. In order to determine if it is possible to guide to a target item on the basis of the color of its underlying surface, we replicated the basic result while including a condition with black letters on colored surfaces. An example of this condition is shown in Fig. 6. 
Methods
Participants
Twelve observers (7 female, 5 male; age range: 19-48, M = 30, SD = 9.5) meeting the same requirements as in the previous experiments were tested.
Stimuli and procedure
There were seven conditions in this experiment. In addition to the blocked and mixed color cue and surface cue conditions of the previous experiments, there were blocked and mixed versions of a color surface cue condition. In the color surface conditions, using stimuli like those shown in Fig. 6 , the cue specified the color of a set of surfaces rather than the color of a set of letters. The surface cue conditions used the same stimuli as the color surface con- Fig. 4 . Placeholder array for Experiment 2. A screen of this sort was visible for 1000 ms after the cue and before the search array (see Fig. 1 ). Placeholders marked the locations of all letters in the eventual search array. dition shown in Fig. 6 . In the color cue condition, the letters had to be colored. The cube surfaces were irrelevant greens, browns, and purples; a scheme similar but not identical to Fig. 1 . Each cube had one surface of each color and, again, a random brightness variation was added. The no cue condition used the stimuli of the color surface cue conditions (again, Fig. 6 ). In all other ways, the methods were similar to those of Experiment 1.
Results
The mean RT results are shown in Fig. 7 . As before, RTs over 6000 ms were removed from analysis (0.7% of trials). Error rates were modest and followed the pattern of RTs. There were no significant effects of top vs. side (left or right) surfaces. Looking first at the replication of the previous experiments, we compare the results of cuing to those in the no cue condition. As before, color cuing produced a strong effect (separate repeated measurement ANOVAs for target-present and target-absent trials: all F(1, 11) > 6, all p < .05, all g 2 > .350) and the surface cue produced no reliable benefit (all F(1, 11) < 1.8, all p > .2, all g 2 < .14). The color surface cue conditions (green lines in the color version of Fig. 7 ) are intermediate but closer to the color cue results than to the no cue and surface cue conditions. Table 2 shows the comparisons of color surface cue conditions to no cue.
The blocked version fails to differ for target-present trials. All other comparisons are significant. Table 3 shows the comparison of color surface cue with color cuing.
Only the blocked target-absent trials differ significantly. The other three comparisons are not significant. Table 4 shows the comparisons of color surface cue with surface cuing.
The blocked version fails to differ for target-present trials. All other comparisons are significant.
The pattern of results suggests that cuing the color of a surface holding the target item of search is somewhat less effective than cuing the color of the target item, itself. Nevertheless, it is more effective than cuing a surface type.
Experiment 4: attention spreads across surfaces
Experiments 1-3 have shown that there is little or no surface guidance to the top, left, or right faces of the piles of cubes used as the stimuli. To reiterate, we know that it must be possible to guide attention to a single surface like a floor or a wall. Is guidance possible in the intermediate case of a set of surfaces lying in a single plane? The pile of cubes in Experiments 1-3 was designed to thwart such guidance. However, it is known that attention can be directed to a plane (He & Nakayama, 1992 Morita & Kumada, 2003) and it is known that attention spreads within surfaces (Egly, Driver, & Rafal, 1994) . Fig. 8 shows a set of cubes lying in a single plane. In Experiment 4, we show that this simplification of the display makes it possible to guide attention to the top sur- Fig. 6 . In Experiment 3, observers could be asked to search for a T on a colored surface (blue, red, or yellow) or a surface of a specific orientation (top, left, or right). (For interpretation of colour mentioned in this figure, the reader is referred to the web version of this article.) faces. This allows us to conclude that the problems with surface guidance in Experiments 1-3 are not due to the use of the cube stimuli per se.
Method
Participants
Twelve observers (5 male, 7 female, M = 29, range: 21-44) meeting the same requirements as in the previous experiments were tested. Fig. 8 shows the layout of stimuli used in Experiment 4. The cubes appeared to lie on a surface and, as a result, all of the top surfaces of the cubes were coplanar. The cue appeared at the middle of the display, temporarily occluding the middle cube. Only blocked conditions were run since the blocked/mixed distinction had not been providing much added information. In the no cue condition, the cue was the uninformative word ''ready". In the surface cue condition, the word was ''top" and all targets were confined to the top surfaces of cubes. In the color cue condition, one third of the items were red, the cue word was ''ready", and the target, when present, was red. The word ''red" was not needed since the trials were blocked and all targets in the color cue condition were red. The same could be said of the surface cue condition but, because the stimuli were very similar to the no cue condition, the word ''top" was added as a reminder. Red letters only appeared in the color condition. Otherwise, all letters were blue as shown in Fig. 7 .
Stimuli and procedure
Observers were tested for 900 total trials, divided over three conditions (color cue, surface cue, and no cue) and three set sizes (6, 12, and 24) with targets present on 50% of trials. In all other details, the methods replicated those of Experiment 1.
Results
The mean RT data are shown in Fig. 9 . RTs over 4000 ms were discarded but this accounted for only 54 trials (0.5%). Error rates were modest and followed the same pattern as RTs. These RTs show that, when attention can be restricted to a plane, guidance by surface is possible. Unlike the results of the first three experiments, in Experiment 4, repeated measurements ANOVAs (separately for target-present and target-absent trials) showed a clear benefit for surface cuing over no cue conditions (target-present: F(1, 11) = 88.74, p < .001, g 2 = .881; target-absent: F(1, 11) = 76.7, p < .001, g 2 = .865). There is no significant difference in this experiment between color and surface cuing for target-present:
008. Observers were slightly slower for surface cued target-absent trials than for color cued: F(1, 11) = 6, p < .05 g 2 = .333.
Discussion
The results of this experiment are in line with the earlier work of He and Nakayama (He & Nakayama, 1992; and the more Table 3 ANOVA results testing the difference between surface color cue and color cue conditions. 003 Table 4 ANOVA results testing the difference between surface color cue and surface cue conditions. recent work on visual search for humans in scenes (Hidalgo-Sotelo et al., 2005) . The earlier work showed that attention could be directed to a surface. Here we show that it is possible to increase the attentional ''priority" (Serences & Yantis, 2006; Yantis & Jones, 1991) of a set of coplanar surfaces. This is akin the ability of classic feature guidance to provide a boost in attentional priority to all items having a particular feature (redness, for example). Now we can see that ''top surface" can behave like ''red" as a guiding cue as long as all those tops lie in a plane.
F-value P-Value
Experiment 5: when surface guidance is better than classic guidance
The experiments presented thus far would support the hypothesis that guidance to surfaces is simply bad guidance, more limited and perhaps slower than classic guidance by an attribute like color. The alternative is that surface guidance is qualitatively different from classic features guidance. Providing support for that hypothesis is the purpose of the fifth and final experiment. In this final experiment, we compare conditions designed to favor surface guidance to conditions, like those of Experiments 1-3, that favor classic color guidance.
6.1. Method 6.1.1. Participants All 14 observers (6 male and 8 female; age range: 22-49, M = 31) passed the Ishihara color screen, had acuity of at least 20/25 and gave informed consent.
Stimuli and procedure
Examples of the stimuli are shown in Fig. 10 . In each block of trials, observers saw either the four big cubes on the left of the figure or the four clusters of six smaller cubes (subsets of the cubes making up each big cube). With either large cubes or small cubes, observers could be cued to either color or surface. In surface cue conditions, the cue was either ''top" or ''left". The right side was not used to display letters and all right surfaces were achromatic. In the color cue condition, the cue was either ''red" or ''green". Blue regions were added to break up large regions of homogeneous color and never contained Ts or Ls. In the big cube display, a surface cue indicated four large surfaces. In the small cube display, the same surface cue would indicate 24 smaller surfaces. Thus, we would expect more effective surface guidance in the big cube conditions. In contrast, guidance by color should be impaired in the big cube condition. It is known that attention spreads in cued surfaces (Egly et al., 1994) . Thus, if ''red" were cued in the big cube conditions, the resulting guidance to red regions might spread to regions that were coplanar with the red regions, regardless of color. Thus, cueing ''red" would effectively cue the entire top and left surfaces of the big cubes, rendering the color cue essentially useless. In the small cube display a ''red" cue would be confined to the small red regions.
The edge of each small cube subtended 1.5°visual angle at a viewing distance of 57 cm. The luminance of the three colors (red, green, and blue) was adjusted so that the top surface was not consistently the brightest. Big cubes were 3 Â 3 Â 3 sets of smaller cubes. Of course, Ts and Ls were placed on only the visible top and left surfaces of cubes. Thus, in the small cube displays, there were 24 possible ''top" locations and 24 ''left" locations. In the big cube condition, there were 36 of each. Set sizes of 24 and 40 letters per array were used. The letters were divided evenly across the four quadrants of the display so that each big cube or set of six small cubes showed 6 or 10 letters.
The ISI between cue and scene presentation was 700 ms. The stimuli were presented until observer response. Each observer was tested on 1320 trials total, divided among six conditions each consisting of 20 practice and 200 experimental trials. The conditions were combinations of two display types (small cubes or large cubes) and three cue types (no cue, surface cue, or color cue).
Results
Four participants (4 males) were excluded because of error rates greater than 15%. RTs faster than 250 ms and slower than 7000 ms were discarded, thus eliminating 0.8% of all trials. Fig. 11 shows the mean RTs as a function of set size for each cue type in each display type. It is interesting that, with these stimuli, repeated measurement ANOVAs (separately for target-present and target-absent and big and small cubes) showed that surface cuing produces a significant benefit over no cue for both kinds of display (target-present: small cubes: F(1, 9) = 33.3, p < .001, g 2 = .787, big cubes: F(1, 9) = 13.4, p < .01, g 2 = .599, target-absent: small cubes:
F(1, 9) = 22.7, p < .01, g 2 = .716, big cubes: F(1, 9) = 26.3, p < .01, g 2 = .745.
For color cuing, the results are different. As before, cueing is effective for small cubes: ANOVAs for main effect of color cue over no cue: target-present, F(1, 9) = 15.6, p < .01, g 2 = .634, target-absent, F(1, 9) = 21.5, p < .01, g 2 = .705. What is different is the failure of color cueing for the big cubes: ANOVAs for main effect of color cue over no cue: target-present: F(1, 9) = 3.7, p = .086, g 2 = .291, target-absent: F(1, 9) = 3.8, p = .083, g 2 = .298. The color results are consistent with the idea that attentional cuing spreads in a Fig. 10 . The two ''scenes" used in Experiment 5. On the left, the large cubes favor guidance to surfaces. On the right, the small cubes favor guidance by color. cued surface. Since both surfaces of each large cube contained red regions, attention seems to have spread promiscuously, rendering the cue ineffective.
Discussion
Why was the surface cue in Experiment 5 more effective than surface cues in Experiments 1-3? The surfaces, even in the small cube displays, may be simpler than those in cube pyramid of the previous experiments. Moreover, RTs in this task are long compared to the other experiments. If surface cuing is slow, it may have had the time to work in this experiment that it lacked in the others. We have seen similarly slow guidance in other settings (contextual cuing: Kunar, Flusberg, & Wolfe, 2006 .
Experiment 5 was designed to provide evidence for the proposition that surface guidance is not poor guidance, but rather different guidance. This is illustrated in Fig. 12 where the grand mean RT (pooling over target-presence/target-absence and set size) for each cue type is subtracted from the no cue condition for each display type.
Note that, in this figure, large values denote more cueing benefit. Thus, with the big cubes, surface cues are more effective and with the small cubes color cues are slightly more effective. It is this crossover interaction that constitutes the evidence that surface guidance is different, not just weaker. Statistical support is obtained by subtracting cue RT from no cue RT and performing a repeated measures ANOVA with cue type, display type, and set size as factors. For target-present trials, this shows main effects of cue type (F(1, 9) = 9.52, p < .05, g 2 = .507) and display type (F(1, 9) = 10.9, p < .01, g 2 = .548). Critically, for this analysis, the Cue Type Â Display Type interaction is significant (F(1, 9) = 7.0, p < .05, g 2 = .437). A similar pattern is seen in the target-absent trials. The main effect of cue type is significant (F(1, 9) = 11.42, p < .01, g 2 = .560). In this case, the main effect of display type is not (F(1, 9) = 2.5, p = .145, g 2 = .221). But, again, the important Cue Type Â Display Type interaction is significant (F(1, 9) = 13.3, p < .01, g 2 = .596).
General discussion
Common sense tells us that it is possible to guide attention to surfaces in scenes in order to facilitate visual search. Prior data has shown that attention is sensitive to surfaces as evidenced by its spread over surfaces (Egly et al., 1994; He & Nakayama, 1992;  Right column shows data from large cubes. Fig. 12 . Cue benefit as a function of cue type and display type. Each data point is the subtraction of cued RTs from no cue RTs (pooled over set size and presence/ absence). Error bars are ±1 s.e.m. . The primary message of the present research is that guidance by surfaces has different properties than guidance based on attributes like color. Under circumstances that permit perfectly normal, effective guidance by color in Experiments 1-3, guidance by surface type was very poor or non-existent. We hypothesize that attention can be directed to only one or a very few surfaces at a time and surface guidance may be slow relative to color guidance. In Experiment 4, surface guidance was effective when all the cued surfaces were coplanar. In Experiment 5, a crossover interaction shows that circumstances can be created that favor surface over classic guidance.
It is possible that surface guidance is poor because our surfaces are somewhat impoverished. Real surfaces in the real-world would be specified by more than the reduced spatial cues that we provide. Certainly, disparity and parallax could make the sense of depth more vivid (Rogers & Collett, 1989 ) and the rules of cue combination might act to weaken guidance to a surface orientation (Burge, Peterson, & Palmer, 2005; Hillis, Watt, Landy, & Banks, 2004) . Indeed, the original versions of these displays had no spaces between the cubes and created a texture where ''top" and ''bottom" were quite unstable percepts. Here, we would argue, that the tops of the cubes are quite clearly the tops. No observer complained about ambiguity. It is possible that we would get a different answer with a richer set of depth cues but it seems unlikely.
The difference between surface and color guidance might tell us something about the neural substrate of guidance. Color information (e.g., Livingstone & Hubel, 1984) is certainly available earlier in the visual pathway than surface information (e.g., Epstein, Harris, Stanley, & Kanwisher, 1999) . However, it is important, in this context, to note that the representation that supports guidance, even by a basic attribute like color, is probably not based entirely on activity in the earliest cortical loci where that attribute is selectively processed (Wolfe & Horowitz, 2004) . For example, for a given color, the pattern of just noticeable differences (see MacAdam ellipses) are qualitatively different from the pattern of guidance (Can a target of that color be found efficiently among distractors of another color?) (Nagy & Sanchez, 1990 ).
These present experiments are a step toward understanding the role of guidance in real-world search. In the world of flat, isolated items on a computer display, scene structure plays no part. Searches are fast relative to the real thing. In this realm, classic guidance by attributes like color, size, motion, etc. plays the dominant role. We would not expect guidance by color to become unimportant in a real-world search. However, we should expect classic guidance to be joined by other forms of guidance operating under different rules and with different time courses.
